Ubiquitination of alpha-synuclein.
Filamentous alpha-synuclein depositions are the defining hallmarks of a subset of neurodegenerative diseases including Parkinson's disease (PD), dementia with Lewy bodies, and multiple system atrophy. We previously reported that alpha-synuclein in those brains are extensively phosphorylated at Ser129 [Fujiwara et al. (2002) Nat. Cell Biol. 4, 160-164] and also partially ubiquitinated [Hasegawa et al. (2002) J. Biol. Chem. 277, 49071-49076]. Here, we investigate ubiquitination of alpha-synuclein in vitro and in vivo and report the ubiquitination sites and the effects of familial PD-linked mutations, phosphorylation, and fibril formation on ubiquitination. Protein-sequence analysis revealed that Lys21, Lys23, Lys32, and Lys34 within the repeats in the amino-terminal half are liable to ubiquitination in vitro. A site-directed mutagensis study confirmed that these are the major ubiquitination sites. A53T and A30P mutations had no significant effect on ubiquitination. Similarly, phosphorylation of alpha-synuclein at Ser129 did not affect ubiquitination. Notably, we show that assembled, filamentous alpha-synuclein is less ubiquitinated than the soluble form and that the major ubiquitination sites are localized to Lys6, Lys10, and Lys12 at the amino-terminal region of filamentous alpha-synuclein. Furthermore, we successfully detected ubiquitination of alpha-synuclein in 293T cells by cotransfection with alpha-synuclein and ubiquitin. The in vivo ubiquitination sites were found to be identical to those in filamentous alpha-synuclein. PD-linked mutations and phosphorylation at Ser129 had no effects on ubiquitination of alpha-synuclein in vivo. These data may have implications for the mechanisms of the formation of alpha-synuclein deposits in alpha-synucleinopathy brains.